Aim: a cognitive test and an informant report questionnaire were used together to investigate whether their combined use could improve the accuracy of detecting dementia in a memory clinic, compared with either test used alone. 
Introduction
Direct testing of the patient' s cognition by a trained rater using an established test is the commonest form of screening for dementia, but informant reports are an alternate method of detecting dementia [1] . Cognitive tests and informant reports in dementia screening do not necessarily measure the same characteristics of a subject [1] . Correlations between the two types of instrument are moderate [2] . Moreover, Jorm et al. [3] in analyses of cognitive test and informant report items have found that there are separate factors in each item domain. The two types of instrument measure rather different things.
Cognitive tests and informant reports have complementary advantages and disadvantages. Cognitive tests can be inXuenced by education and pre-morbid ability [4] and require subjects to have intact language, sensory and motor abilities [5] . Informant questionnaires are unaffected by the subject' s education and pre-morbid intelligence [6, 7] , but performance may be inXuenced by both the personality and the affective state of both the subject and informant and the nature of their relationship [8] .
Given the complementary aspects of cognitive tests and informant reports, a combination of such instruments might improve the performance of dementia screening. There has been little work on this and a study by Mackinnon and Mulligan [1] is the only published example. They used the Mini-Mental State Examination (MMSE) [9] and the short form of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) [10, 11] in a Swiss geriatric hospital and memory clinic sample numbering 106.
Using logistic regression to predict Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) [12] dementia caseness, Mackinnon and Mulligan found that the MMSE score alone was a strong and statistically signiWcant predictor of caseness [1] . Prediction of caseness was signiWcantly improved when IQCODE score was added to the equation. Each test gave non-superXuous and complementary information in dementia screening. They used receiver operating characteristic (ROC) analysis to plot curves for each test. Sensitivity, speciWcity and positive and negative predictive values were calculated for a number of test cut-points. They combined the scores for the MMSE and the IQCODE using three different procedures: the ' or' rule, ' and' rule and the ' weighted sum' rule.
The ' or ' rule deWnes a case of dementia if either the MMSE or IQCODE are positive. Mackinnon and Mulligan calculated sensitivity and speciWcity across all possible cut-points of the IQCODE while applying the ' or' rule with Wxed cut-points for the MMSE. This procedure was repeated for a number of MMSE cutpoints and resulted in one ROC curve for each MMSE cut-point. The performance of the tests could be improved with the MMSE at cut-points between 22 and 24 used together with the IQCODE. Using the IQCODE at cut-points greater than 4.0 together with the MMSE at the 23/24 cut-point signiWcantly increased sensitivity compared with using the MMSE alone. SpeciWcity was not reduced signiWcantly by this process.
Mackinnon and Mulligan tested the ' and' rule in the same way. It speciWes that only patients positive on both tests are classiWed with dementia. The performance of most combinations of the MMSE and IQCODE could be matched or improved upon merely by using the MMSE alone and changing the cut-point.
With the ' weighted sum' rule the scores of the two tests are combined mathematically, yielding a score on a new scale, before the cut-point is calculated. Mackinnon and Mulligan derived the formula for the weighted sum rule from their logistic regression analysis and constructed ROC curves. Test performance expressed in terms of area under the ROC curve was signiWcantly better for the weighted sum of the MMSE and the IQCODE compared with the performance of either the MMSE or the IQCODE used alone. There were no signiWcant differences found between the ' weighted sum' rule and the ' or' rule.
Thus the authors concluded: (i) the informant report and cognitive test instruments used were complementary in screening for dementia in a clinical population. Combining tests yielded more information than either test used alone. (ii) The ' weighted sum' rule enabled a graduated trade-off between the scales. The more evidence that a patient is not impaired on one test, the more evidence of impairment is required on the other test to qualify as a case. (iii) In situations where screening is paramount, the use of the ' or' rule is justiWed since only sensitivity is increased. (iv) The use of the ' weighted sum' rule may be preferable in cases where both sensitivity and speciWcity need to be optimised or balanced. (v) Using the ' weighted sum' rule with a cut-point of 0.5 probability of dementia, the authors constructed an easily applied template or ' DemeGraph' upon which the patient' s MMSE and IQCODE scores can be plotted to determine whether the presence of dementia is likely.
The combination of tests used by Mackinnon and Mulligan might enhance the efWciency of screening, but their results need to be replicated in other larger populations. The aim of the current study was to answer the following question: using Mackinnon and Mulligan' s statistical model [1] , how does the ' weighted sum' combination of MMSE and IQCODE perform in differentiating dementia from non-dementia in another clinical population, compared with the performance of either test used alone? We expected similar results to those of Mackinnon and Mulligan.
Method

Memory clinic and subjects
The subjects attended a Memory Clinic at a geriatric hospital in Melbourne from 1988-1998 [13, 14] . Patients assessed by medical staff at the Wrst visit were tested with a number of instruments including the Cambridge Cognitive Examination (CAMDEX) [15] within which the MMSE is incorporated. Allied health staff saw the carer(s) to obtain an informant history and instruct them in completing the IQCODE. All data for this study were obtained from the initial appointment.
Mackinnon and Mulligan [1] used a French-speaking population tested in French. To enable a direct comparison between our results and theirs, those subjects whose Wrst language was not English were excluded from this study.
Instruments
The English versions of the MMSE and the IQCODE were used. In the Memory Clinic the long form of the IQCODE (26 items) was administered. Mackinnon and Mulligan used the short form (16 items), which performs equally well as the 26-item form [8, 11] . Scores for the short form of the IQCODE can be derived from those of the long form. IQCODE scores shown are those of the short form, to enable comparison of our results with those of Mackinnon and Mulligan.
Procedure
The MMSE was administered as part of the CAMDEX by medical staff and all patients were asked to spell ' world' backwards as well as being asked to make Wve serial subtractions of 7 from 100. The carer(s) completed the IQCODE after instruction from one of the allied health staff. Both tests were used according to the guidelines given by those who developed them. Only scores for the MMSE using the item spelling the word ' world' backwards (rather than serial 7s) were used to enable comparison with Mackinnon and Mulligan' s study in which their French subjects were asked to spell ' mardi' backwards [1] .
Diagnoses were made according to the Diagnostic and Statistical Manual of Mental Disorders, Third Edition -Revised (DSM-IIIR) [16] by consensus between a psychiatrist (DA) and a geriatrician (LF) who used all available information except the scores of the screening instruments.
Despite changes in staff, data for this study were collected in a consistent way over 10 years because: (i) all raters were trained by either the psychiatrist or geriatrician (who had trained to use the CAMDEX together) and supervised for three sessions before rating independently; (ii) the explicit instructions in the CAMDEX were adhered to consistently; (iii) nearly all MMSE ratings were performed by DA, LF or DL; (iv) the cognitive items of the CAMDEX have high inter-rater reliability [15] .
Statistical analysis
Group comparisons were made using a range of parametric and non-parametric statistical procedures. Assumptions of parametric analyses were evaluated before analysis, including assessment of the degree of skewness and kurtosis of each variable. Variables were reasonably normally distributed, thus allowing the use of parametric procedures.
Differences on continuous data were assessed using independent samples t-tests, with unequal variances tests being used where appropriate. One-way analysis of variance was used to test for differences between multiple groups, with appropriate post hoc tests performed to identify speciWc differences. Chi-square tests of signiWcance were used to test for signiWcant associations between cross-tabulated data, and exact tests were used where appropriate. Pearson correlations were used to assess associations between continuous variables. Statistical tests were 2-tailed and results were regarded as signiWcant at or below the 5% probability level.
Logistic regression analysis was used to explore whether using the two tests together resulted in any additional information in the prediction of dementia compared with the use of the tests separately. The following equation was derived from the logistic regression analysis:
where ' Logit (case)' is the logarithm of the odds of a subject being a case of dementia, which is equal to: log (probability of a case/probability of non-case). ' Pr (case)' is the probability of a case of dementia. IQCODE and MMSE are the test score values. A comparison of these equations to those used by Mackinnon and Mulligan [1] reveals that different coefWcients have been used here because the derivation of these values is inXuenced by the characteristics of the sample.
Using ROC analysis, curves were plotted of sensitivity versus 1 minus speciWcity for all possible cut-off scores of each test. The area under the curve (AUC) for each test was calculated using a non-parametric method. The accuracy of the test in screening for dementia is represented by, and is directly proportional to, the area under the curve. Thus the accuracy of the tests can be simply contrasted by comparing the respective AUCs. Furthermore, a ROC curve was created for the weighted sum of the MMSE and the IQCODE as described in the logistic regression equation, to investigate the performance of combining these tests thus.
Thus ROC curves were constructed for each of the tests and the combination of the tests in the differentiation of the following diagnostic groups in the Englishspeaking portion of the sample: (i) dementia versus nondementia; and (ii) dementia versus cognitive impairment other than dementia.
ROC analysis and logistic regression can be regarded as complementary techniques, with some points of difference and some points in common. Logistic regression assesses whether there is a relationship between caseness and one or more predictor variables and gives the optimal equation for predicting probability of caseness. ROC analysis assesses the screening performance of a test by calculating the sensitivity and speciWcity of each cutpoint of the test against caseness and graphically represents the tradeoffs of each cut-point. The use of logistic regression to optimally combine predictors and ROC analysis to represent the cut-point tradeoffs marries the advantages of both techniques. The two techniques will usually yield similar Wndings. In logistic regression, if a predictor is signiWcantly related to caseness, then the 
AUC test of the performance of the screening instrument in ROC is also likely to be signiWcant. However, because the AUC test in ROC analysis is slightly less powerful, being a non-parametric test, it is possible to observe discrepancies in Wndings resulting from the two techniques.
Results
Subjects
Out of a total of 519 subjects 426 had both the MMSE and IQCODE completed. The 103 non-English speakers were excluded, resulting in a sample of 323 Englishspeaking subjects, (120 males and 203 females). Some data on 299 of these subjects were utilised in a previous paper which did not address the Mackinnon and Mulligan model [17] . Their ages ranged from 44-93 years (mean = 74.7 years, SD = 8.8). In the sample there were 9 normal subjects, 229 with dementia, 57 with cognitive impairments other than dementia (mainly amnestic disorders (n = 22) and other cognitive impairments not fulWlling DSM-IIIR dementia criteria (n = 31) as well as 2 organic mood disorders, 1 organic anxiety disorder, 1 organic personality disorder and 28 with functional psychiatric diagnoses of whom 21 had depression.
Of those in the sample with data for educational status (n = 310), 13.2% had completed schooling at the age of 17 years and older and 31.0% had completed school aged 16 years and older.
MMSE and IQCODE scores
MMSE scores ranged from 4-30 (mean = 20.65; SD = 5.44); IQCODE scores ranged from 2.56-5.00 (mean = 4.22; SD = 0.57). Independent samples t-tests indicated that the dementia group (mean MMSE 18.86) was more impaired than the non-dementia (mean MMSE 25.02) group on MMSE (mean difference = 6.17; t = 12.40; df = 242.06; P < 0.001) and IQCODE (mean dementia group IQ CODE 4.41; non-dementia mean 3.75; mean difference = 0.66; t = − 11.14; df = 321; P < 0.001). A plot of MMSE versus IQCODE scores is shown in Figure 1 . The Pearson correlation coefWcient between the two tests was − 0.54 (P < 0.001). Table 1 shows the results of the logistic regression analysis predicting DSM-IIIR dementia caseness from MMSE and IQCODE scores for the sample (n = 323).
Logistic regression analysis
The term ' change in G 2 ' in Table 1 reXects the change in the ' − 2 log likelihood' . The likelihood is the probability of the observed results given the parameter estimates. The larger the value for the change in G 2 , the greater the importance of a test (or combination) is to the prediction of DSM-III-R dementia caseness. G 2 has an approximately chi-square distribution.
A quadratic term for IQCODE was added to the model, however the change in G 2 was very small and non signiWcant (see Table 1 ), indicating that there was no evidence for any non-linearity between dementia caseness and IQCODE.
As shown in Table 1 the MMSE, with a G 2 change of 119.00, when used alone is a strong and statistically signiWcant predictor of dementia caseness. Adding in the IQCODE results in a further statistically signiWcant improvement in case prediction; although the Wgure (26.35) is much smaller than that for the MMSE alone. Starting with the IQCODE alone, a large G 2 change of 95.08 results, and a further improvement of 51.23 is seen after adding the MMSE to the model. Whatever the order of tests, the combined ability of the tests to predict 2 term was small and not signiWcant. To explore whether there is an interaction occurring between the MMSE and the IQCODE, the multiplicative term ' MMSE × IQCODE' was used. This resulted in a non-signiWcant value implying that there is no such interaction. Figure 2 shows the results of the ROC analysis in differentiating dementia (n = 229) from non-dementia (all the other diagnoses including normal cases; n = 94) for the sample. The weighted sum rule of combining the MMSE with the IQCODE is derived from the logistic regression equation shown in equations 1 and 2. It was found that the AUC for the weighted sum rule was signiWcantly greater than that for the IQCODE alone (0.89 versus 0.82; chi square = 10.63; P = 0.0011). However there was no signiWcant difference between the AUC for the weighted sum rule and that for the MMSE used alone (0.89 versus 0.86; chi-square = 3.54; P = 0.060). Thus for this sample the weighted sum rule holds little or no advantage in dementia screening compared with the MMSE. There was no signiWcant difference between the AUCs for the MMSE and IQCODE (chi-square = 1.85; P = 0.17).
Receiver operating characteristic analysis
The results for the ROC analysis in differentiating dementia (n = 229) from cognitive impairment other than dementia (n = 57) showed no signiWcant differences between the AUCs for the weighted sum rule and the MMSE or between the MMSE and the IQCODE but there was a signiWcant difference between the area under the curve for the weighted sum rule and that for the IQCODE (0.88 versus 0.82; chi-square = 8.33; P = 0.0039).
The results for sensitivity, speciWcity and positive and negative predictive values for the MMSE, IQCODE and the weighted sum rule in differentiating dementia from non-dementia are shown in Table 2 . 
Discussion
Hypothesis
The main aim was to explore whether the combination of the MMSE and IQCODE in differentiating dementia from non-dementia in a group of patients attending a memory clinic was superior to that of either test used alone. The hypothesis was that results similar to those of Mackinnon and Mulligan [1] would be found. Similar, but not identical results to theirs were obtained.
The study samples
Our sample was three times larger than the Swiss one. It contained proportionately fewer normal individuals and more with cognitive impairments other than dementia than the Geneva cohort. There was a lower rate of secondary school completion at the 16-year-old level in our sample.
Correlations
The correlation coefWcient value for the relationship between the MMSE and the IQCODE (− 0.54) was similar to Mackinnon and Mulligan' s Wgure of − 0.58, but lower than the correlations of − 0.74 to − 0.78 found by Jorm and colleagues [7, 10] .
Test performance
The results for sensitivity, speciWcity and positive and negative predictive value are similar to those in other studies [5] including Mackinnon and Mulligan [1] . We found the sensitivity of the MMSE with the 23/24 cutpoint was higher than that found by Mackinnon and Mulligan (0.84 versus 0.76 respectively), whilst the speciWcity in our study was lower (0.73 versus 0.90). For the IQCODE ( < 3.6/ ≥ 3.6 cut-point) Mackinnon and Mulligan found a sensitivity of 0.90 (compared with 0.94 for our study) but they had a greater speciWcity of 0.65 compared with only 0.47 for us. The weighted sum rule (Pr (case) ≥ 0.50) performed better in Mackinnon and Mulligan' s study than in ours -they found a sensitivity of 0.93 and a speciWcity of 0.85 compared with 0.91 and 0.63 respectively. They found the weighted sum rule (using the Pr (case) ≥ 0.50 cut-point) to perform better than either the MMSE or the IQCODE alone. Our results were less clear-cut. The weighted sum rule (Pr (case) ≥ 0.50 cut-point) had a higher sensitivity than the MMSE did (23/24 cut point) (0.91 versus 0.84) but lower speciWcity (0.62 versus 0.73). The IQCODE ( < 3.6/ ≥ 3.6 cut-point) had higher sensitivity than either the weighted sum rule or the MMSE alone (0.94) but had much lower speciWcity (0.47) than either of these. In our clinic the MMSE at the 23/24 cut-point would be an appropriate choice of test where both sensitivity and speciWcity need to be optimised. However, if sensitivity needs to be maximised at the expense of speciWcity (in screening for instance) then either the weighted sum rule at the Pr (case) ≥ 0.50 cut-point or the IQCODE at the < 3.6/ ≥ 3.6 cut-point would be appropriate.
In general we found quite high sensitivity and positive predictive values with less impressive speciWcity and negative predictive values. A possible reason for the lower speciWcity values in this study could be that there was a larger proportion of cognitive impairment other than dementia in the non-dementia category than in Mackinnon and Mulligan' s study, and fewer normal individuals, making it more difWcult for the tests to differentiate non-cases of dementia from cases. Furthermore, in nearly all-screening situations, for higher levels of sensitivity, the speciWcity falls off disproportionately.
Logistic regression analysis
For the logistic regression analysis, we had similar results to Mackinnon and Mulligan [1] . In both studies MMSE score alone was a strong and statistically signiWcant predictor of dementia caseness and the addition of the IQCODE signiWcantly improved this prediction. It was seen for the model incorporating the MMSE followed by the IQCODE and these results were mirrored in those of the model using the IQCODE followed by the MMSE. This is further evidence that these two tests provide somewhat different and additive information in screening for dementia.
However, there were some points of difference with Mackinnon and Mulligan. The quadratic term of MMSE 2 , although small, did reach statistical signiWcance in our study. This would imply a non-linear relationship in the equation, though this effect would be very small in comparison with the much larger effects of the other signiWcant components in the model.
Our study used DSM-IIIR criteria [16] to make diagnoses (as DSM-IV [14] was not published when data collection commenced), whilst Mackinnon and Mulligan [1] used DSM-IV. However, given the minor differences between the two systems with regard to the diagnosis of dementia, it is unlikely that differences in our results could have been entirely explained by this factor.
Receiver operating characteristic analysis
For the ROC analysis, (a non-parametric test which is less powerful than logistic regression) in all of the comparisons there was no signiWcant difference between the performance of the MMSE and the IQCODE as measured in terms of area under the ROC curves. This was also the case for Mackinnon and Mulligan [1] .
Some quite substantial AUCs were found (0.86 for the MMSE and 0.82 for the IQCODE in differentiating dementia from non-dementia). Even higher AUCs were found in the more clear-cut differentiation between dementia and normal cases.
The combination of MMSE and IQCODE according to the weighted sum rule performed slightly better than either test alone in differentiating dementia from nondementia. For the other comparisons there was no advantage in using the weighted sum combination in preference to either the MMSE or IQCODE alone.
By the ROC analysis, the combination of the MMSE and the IQCODE using the weighted sum rule performed better than the IQCODE alone in dementia screening. However, the combination did not perform better than the MMSE alone. This is in contrast to Mackinnon and Mulligan' s result in their population. With larger sample sizes more of the results may have been statistically signiWcant.
Improvements in screening performance resulting from combining tests may be quite sensitive to the characteristics of the setting in which screening is undertaken.
There does not appear to be any clear advantage in the everyday combination of these two tests according to the weighted sum rule in our clinic, since the MMSE performed just as well as the combined tests here. However, in populations with a higher percentage of normal subjects (e.g. general practice attenders) it is likely that the weighted sum rule may be of greater utility. Mackinnon and Mulligan' s simple weighted sum rule should be further assessed in populations of older people that include more normal subjects.
Key points
• 323 Australian memory clinic patients were assessed with two dementia screening instruments.
• A combination of an informant report (IQ code) and a direct screen (Mini-Mental State Examination) performed better than the informant report alone, but no better than the direct screen alone.
